Magnesium alloys have gained considerable interest as a material for automotive and aerospace applications due to its low density, high specific strength, and good castability. However, another considerable issue is their corrosion properties. This restricts their practical applications. In this present research, corrosion behavior of the AZ31B magnesium alloy was evaluated by conducting salt fog test in NaCl solution at different chloride ion concentrations, pH values, spraying times, and air pressures. The corrosion morphology observation was carried out by optical microscopy and the corrosion products were analyzed by SEM and XRD analysis. An attempt was also made to develop an empirical relationship to predict the corrosion rate of AZ31B magnesium alloy. Four factors five level central composite rotatable design matrix was used to minimize the number of experimental conditions. Response surface (RSM) methodology was used to develop the relationship. The developed relationship can be effectively used to predict the corrosion rate of AZ31B magnesium alloy at 95% confidence level.
Introduction
Magnesium is now becoming the material of choice for many lightweight transport component applications due to its combination of low density and excellent physical and mechanical properties', demonstrated by continued and steady market growth over the past 10 years [1] . In the alloyed form, magnesium is the lightest structural metal and is a potential candidate to replace heavier aluminum or steel components, reducing fuel consumption and harmful emissions in the transport sector [2] . However, the use of magnesium alloys for structural applications has limited success due to their poor corrosion properties [3, 4] .
The salt spray test is an accelerated corrosion test used to evaluate the relative corrosion resistance of materials exposed to a salt spray or salt fog. The salt spray corrosion test helps to estimate the component's service life. Salt spray testing is popular because it is well standardized and reasonably repeatable. Salt spray tests are widely used in the industrial sector, and on marine, automotive, air craft, and military equipment for the evaluation of the corrosion resistance of parts or finished surfaces. Corrosion resistance of Mg alloys depends on many factors: (i) environment, (ii) alloy composition and microstructure, and (iii) properties of the film developed in the medium to which they are exposed. Concerning the environment, corrosion resistance of magnesium alloys in chloride containing solutions greatly depends on pH and Clconcentration, with no significant influence of oxygen concentration [5] . In general, magnesium and its alloys dissolve at a very low rate in alkaline or poorly buffered sodium chloride solutions, where the pH can increase, due to the formation of a partially protective layer. On the other hand, chloride ions promote rapid attack in neutral aqueous solutions and even higher in acidic solutions. It is also common to find higher corrosion rates with increasing Cl -ion concentration at all pH levels. The corrosion of magnesium alloys in non-oxidizing neutral or alkaline chloride solutions at free corrosion potential typically initiates as irregular pits, which spread laterally and cover the whole surface. However, the mechanism is different from the auto-catalytic pitting experienced by stainless steels [6] , since there does not seem to be much tendency for deep pitting, possibly as a result of pH increase and magnesium hydroxide film formation. However, this is not always true, since there is a significant influence of the microstructure on the corrosion mechanism, especially in two-phase magnesium alloys.
The corrosion performance of Mg alloys has evoked a great interest during the last few years. It mainly depends on the film formation and varies with the medium to which the specimen is exposed. However, the poor corrosion resistance of magnesium alloys restricts their potentially vast application. Magnesium alloys are very susceptible to galvanic corrosion, which can result in severe pitting, especially in wet and salty environments [7] . Many investigations have been performed in recent years to understand the corrosion of magnesium alloy in low concentration NaCl solution [8, 9] . It is known that the corrosion performance of an alloy is, in general, determined by the chemical composition and distribution of its constituent phases in the microstructure. The main reasons for the poor corrosion resistance of magnesium alloys can be summarized as (1) internal galvanic corrosion induced by second phases or impurities and (2) unstable, quasi-passive hydroxide film corroded on magnesium [10, 11] .
However, a critical limitation for the extensive use of magnesium alloys is their high susceptibility to corrosion, especially in aggressive environments, which is primarily attributed to the high chemical activity of magnesium and the unstable passive film on the surface of these alloys [12] . Many researchers have addressed the influence of various corrosive environments on the corrosion behavior of pure magnesium and/or magnesium alloys for the understanding of environmental factors controlling corrosion [13, 14] . It is well known that the corrosion of magnesium/aluminum (Al) alloys in the media greatly depends on the aluminum content, microstructure, and environment, including pH and chloride ion concentration [15] .
Merino et al. [16] have reported the corrosion attack of Mg, AZ31, AZ80 and AZ91D materials under the salt fog test increased with increasing temperature and Clˉ concentration. Individual pitting characteristics, including pit surface area and pit volume, were greater for the salt spray surfaces. Martin et al. [17] examined the comparison of corrosion pitting under immersion and salt-spray environments on an ascast AE44 magnesium alloy and reported that the two environments show similar trends with respect to weight loss and thickness loss, although the immersion environment induces greater amounts of weight loss of magnesium. Pardo et al. [18] studied the corrosion behavior of silicon-carbide-particle reinforced AZ92 magnesium alloy. They found that the severe corrosion in salt fog environment with formation of an uneven, cracked and low protective corrosion layer mainly consisting of Mg (OH)2. Pathak et al. [19] investigated the dual corrosion performance of magnesium-rich primer for aluminum alloys under salt spray test (ASTM B117) and natural exposure. They identified that the surface of magnesium pigment formed magnesium hydroxide surfaces in salt spray test and magnesium carbonate coated surfaces upon field exposure. MingChun Zhao et al. [20] investigated the exploratory study of the corrosion of Mg alloys during interrupted salt spray testing and they found that the Mg (OH)2 surface film on Mg alloys is probably formed by a precipitation reaction when the Mg 2+ ion concentration at the corroding surface exceeds the solubility limit.
From the literature review [16] [17] [18] [19] [20] , it is understood that most of the published information on corrosion behavior of Mg alloys were focused on general corrosion and pitting corrosion of magnesium alloys. Moreover, there is no literature available related to prediction of corrosion rate of magnesium alloys under salt fog environment by means of an empirical relationship incorporating chloride ion concentration, pH value, spraying time, and air pressure. Hence, the present investigation was carried out to develop an empirical relationship to predict the corrosion rate of AZ31B Mg alloy under salt fog conditions. The effect of pH value, chloride ion concentration, spraying time, and air pressure on corrosion behavior of AZ31B magnesium alloy is reported in this paper.
Experimental Work
The base material, AZ31B magnesium alloy used in this investigation was an extruded cylindrical rod with 16 mm in diameter. The chemical composition of the base material is presented in Table 1 . The specimens were cut to the dimensions of 16 mm x 4 mm to evaluate the corrosion rate by salt fog test method. All sides of the surface of the sample were polished using 500 # , 800 # , 1200 # , 1500 # grit silicon carbide papers, rubbed against a smooth polishing cloth and then finely polished using 0.5 μm diamond paste. They were then degreased ultrasonically in acetone, cleaned with distilled water, and then dried in warm flowing air. The SEM micrograph of AZ31B alloy is shown in Fig. 1 and it basically contains equiaxed grains of 10 µm diameter (average) with primary α-Mg phase and AlMn phase. AlMn locates at the grain boundary and in the matrix. 
Developing the Experimental Design Matrix
According to Box and Draper [21] , the central composite rotatable design (CCRD) is an effective alternative to the factorial design. The CCRD gives almost as much information as a three-level factorial, but requires fewer tests than the full factorial design, and has been shown to be sufficient to describe the majority of corrosion process responses. Hence, in this study, it was decided to use the CCRD to design the experiments. The number of tests required for the CCRD includes the standard 2 k factorial with its origin at the center, 2k points fixed axially at a distance, say α, from the center to generate the quadratic terms, and replicate the tests at the center; where k is the number of variables. The axial points are chosen such that they allow rotatability, which ensures that the variance of the model prediction is constant at all points equidistant from the design center. By adding axial points which extend, the design will provide protection against the curvature from twisting. Hence, the design was extended up to ± α (axial point). The value of α is chosen to maintain rotatability. To maintain rotatability, the value of α depends on the number of experimental runs in the factorial portion of the central composite design, which is given by Eq. 1.
It can be noted that when α > 1, each factor is run at five levels (-α, -1, 0, +1, +α) instead of the three levels of -1, 0, and +1. The reason for running the central composite designs with α > 1 is to have a rotatable design. However, the factorial portion can also be a fractional factorial design of resolution. The center values for the variables were carried out at least six times for the estimation of error, and single runs for each of the other combinations. Replicates of the test at the center are very important as they provide an independent and more uniform estimate of the prediction variance over the entire design.
As the range of individual factor was wide, a central composite rotatable four-factor, fivelevel factorial design matrix was selected. The experimental design matrix consisting 30 sets of coded condition and comprising a full replication four-factor factorial design of 16 points, 8 star points, and 6 center points was used. Table 2 represents the range of factors considered, and Table 3 shows the 30 sets of coded and actual values used to conduct the experiments. The upper and lower limits of the parameters were coded as +2 and -2, respectively. Thus, the 30 experimental runs allowed for the estimation of the linear, quadratic, and two-way interactive effects of the variables. The method of designing such a matrix is dealt with elsewhere [22, 23] . The coded values for intermediate levels can be calculated from the relationship.
In Eq. 2, Xi is the required coded value of a variable X and X is any value of the variable from Xmin to Xmax, Xmin and Xmax are the lower and upper level of the variable, respectively. 
Recording the Responses
Solution of NaCl with concentrations of 2 M, 3 M, 4 M, 5 M, and 6 M were prepared. The pH value of the solution was maintained as pH 3, pH 5, pH 7, pH 9, and pH 11 with concentrated HCl and NaOH respectively. The pH value was measured using a digital pH meter. The test method consists of exposing the material to be tested in a salt spray chamber as per ASTM B 117 standards and evaluating the corrosion tested specimen with the method as per ASTM G1-03 [24, 25] . A salt spray chamber was used for this study in conjunction with an air compressor. Basically, the salt spray test procedure involves the spraying of a salt solution onto the samples being tested. This was done inside a temperature controlled chamber. The glass racks were contained in the salt fog chamber (3' high, 3' deep and 5' wide). The samples under test were inserted into the chamber, following which the salt-containing solution was sprayed as a very fine fog mist over the samples. NaCl in tapped water was pumped from a reservoir to spray nozzles. The solution was mixed with humidified compressed air at the nozzle and this compressed air atomized the NaCl solution into a fog at the nozzle. The air pressure was maintained at 69, 104, 139, 174, and 209 kPa respectively. Heaters were maintained at 35°C cabinet temperature. Within the chamber, the samples were rotated frequently so that all samples were exposed uniformly to the salt spray mist. The temperature within the chamber was maintained at a constant level. Since the spray was continuous, the samples were continuously wet, and therefore, uniformly subjected to corrosion.
The corrosion rates of the AZ31B magnesium alloy were estimated through the weight loss measurement. The original weight (wo) of the specimen was recorded and then the specimen was sprayed with the solution of NaCl for different spraying times of 1, 2, 3, 4 and 5 hours. The corrosion products were removed by immersing the specimens for one minute in a solution prepared by using 50 g chromium trioxide (CrO3), 2.5 g silver nitrate (AgNO3), and 5 g barium nitrate (Ba(NO3)2) in 250 ml distilled water. Finally, the specimens were washed with distilled water, dried, and weighed again to obtain the final weight (w1). The weight loss (w) can be measured by using the following relation;
The corrosion rate of AZ31B magnesium alloy was calculated by using the following equation,
where, w is weight loss (g), A is surface area of the specimen (cm 2 ), D is density of the material (1.74 g/cm 3 ) and T is corrosion time (h).
Microstructural examination of the corroded specimens was carried out using a light optical microscope (Make: MEIJI, Japan; Model: MIL-7100) incorporated with an image analyzing software (Metal Vision). The exposed samples surface was prepared for the micro examination both in the "AS polished" and "AS etched" conditions. Picral+Acetic acid were used as etchant. The corrosion test specimens were polished in disc polishing machine for scratch fewer surfaces and the surface was observed at 200X magnification. Phase analysis of the corroded surfaces were performed on Philips 3121 X-ray diffractrometer using CuKα radiation which was set at 40 kV and 20 mA for the XRD analysis and the data were recorded in the 2θ range 10 to 80 in steps of 2/min.
Development of Empirical Relationship
In the present investigation, to correlate the salt spray test parameters and the corrosion rate, a second order quadratic model was developed. The response (corrosion rate) is a function of pH value (P), chloride ion concentration (C), spraying time (T), and air pressure (A) and it can be expressed as below:
The second order polynomial (nonlinear regression) equation was used to represent the response surface and it (Y) is given by:
For three factors, the selected polynomial could be expressed as: 
Where b0 is the average of responses (corrosion rate) and b1, b2, b3,…b44 are the coefficients that depend on their respective main and interaction factors, which were calculated using the expression given below as:
where 'i' varies from 1 to n, in which Xi is the corresponding coded value of a factor and Yi is the corresponding response output value (corrosion rate) obtained from the experiment and 'n' is the total number of combinations considered. All the coefficients were obtained applying central composite face centered design using the design expert statistical software package. After determining the significant coefficients (at 95% confidence level), the final relationship was developed using only these coefficients. The final empirical relationship obtained by the above procedure to estimate the corrosion rate of AZ31B magnesium alloy is given below as: 
The adequacy of the developed model is tested using the analysis of variance technique (ANOVA). As per this technique, if the calculated value of the F-ratio of the developed model is less than the standard F-ratio (from F-table) value at a desired level of confidence (say 95%), then the model is said to be adequate within the confidence limit. ANOVA test results are presented in Table 4 for the model. From the Table, it is understood that the developed mathematical model is found be adequate at 95% confidence level. The value of probability > F in Table 4 for the model is less than 0.0500, which indicates that the model is significant. In the same way, the terms of P, C, T, A, TA, and C 2 were found to be significant at a 95 % confidence interval. Lack of fit is insignificant and therefore indicates that the model fits well with the experimental data [26] . Our ratio of 67.394 indicates an adequate signal. The actual value is compared with predicted value as shown in Fig.2 . All of these observations indicate the excellent adequacy of the developed empirical relationship and suitability of the regression model. 
Validation of the Developed Models
To validate the developed model, three confirmation experiments were carried out with the process parameters chosen randomly close the range of experimental parameters. For the actual responses the average of three measurements was calculated. Table 5 summarizes the experimental condition, the average actual experimental values, the predicted values and the percentage error. The deviation of the predicted values from the actual experimental results is within ±10%, which shows that the developed models fit closer to the experimental results. 
Corrosion Mechanism
The effect of pH of the solutions on the corrosion behavior is in agreement with E-pH diagram of magnesium (Fig. 3 ) and aluminum. The following points illustrate the mechanisms for all types of corrosion of magnesium alloys.
In acidic media: Highly acidic solutions are aggressive for both the magnesium and aluminum. In acidic media, probably, anodic dissolution was held. Hydrogen evolution is intimately associated with magnesium dissolution in two separate ways; an electrochemical reaction governed by Eq. 10 balances the magnesium dissolution reaction, Eq. 11 In neutral media:
The corrosion rate decreased with the increase of pH towards neutral region. This may be due to the less aggressiveness of the solution and also as this pH fails in the passive region for aluminum if not for magnesium. In addition, hydrogen is also produced directly in the reaction of Mg + with water by Eq. 12.
The overall reaction, Eq. 13, produces one molecule of hydrogen gas for each atom of magnesium dissolved. Furthermore, the overall reaction consumes H + and produces OH -, i.e., the pH increases, which favor the formation of a magnesium hydroxide film by the precipitation reaction.
2Mg + + 2H2O 2Mg 2+ + 2OH -+ H2 (chemical reaction) (12)
2Mg + + 2H + + 2H2O 2Mg 2+ + 2OH -+ 2H2 (overall reaction)
In alkaline media:
In agreement with the above equations, if the pH was above 9, favors the formation of the protective hydroxide film, Eq. 14, (depending upon the concentration of magnesium in solution). The most probable reason is that the cathodic reaction is the liberation of hydrogen as given by Eq. 15. A byproduct of that cathodic reaction is the production of OH -(or equivalently the consumption of H + ) with a concomitant increase of the pH and the stabilization of the local magnesium hydroxide film and decrease in corrosion tendency. Thus localized corrosion in magnesium has an inherent tendency to be selflimiting.
Mg 2+ + 2OH -Mg (OH)2 (product formation)
The chance development of areas of localized corrosion leads to the undermining and falling out of particles of magnesium, even in the corrosion of pure magnesium. In the present study, the formation of Mg (OH)2 in corrosion media with starting pH 3 does not mean that these products are stable at this pH value. Since the corrosion attack was localized in magnesium alloys, a model of pitting corrosion mechanism was shown below, Firstly; the alloy has a protective oxide film in air. When it is sprayed in a sodium chloride aqueous solution, Cl -ions will absorb on α areas bordering on Mg17Al12 particles. If the breakdown potential of the oxide film reaches its free corrosion potential (Ecorr ~ -1.53V for AZ series Magnesium alloys), then the α-matrix as an anode, compared to Mg17Al12 particles , starts to dissolve, and a corrosion nucleus may form nearby an Mg17Al12 particle. The nucleus develops a corrosion pit, this may result in Mg (OH)2 formation and hydrogen evolution according to the chemical reactions 
SEM and XRD Analysis
Fig . 4 shows the SEM EDAX results for the specimens underwent salt spray corrosion tests. Here, the SEM EDAX was represented by the oxygen content of the surface of the specimen. It shows the corrosion products consisting of oxygenated layer mainly Mg (OH)2.
(a) (b) Fig. 5a shows the XRD for AZ31, which exhibits on the α-Mg matrix phase and the results confirm the presence of Al12Mg17 (JCPDS Card No. 73-1148) precipitates along with the traces of Mg2Zn11. XRD study of the corrosion layer produced after salt fog test in NaCl solution revealed brucite (Mg (OH)2) (JCPDS Card No. 86-0441) as the main corrosion product, and its peaks exhibited higher intensity for AZ31 alloy due to the formation of a thicker corrosion layer during the severe attack that the material suffered which is schematically depicted in Fig. 5b . Mg (OH)2 (brucite) has a hexagonal crystal structure and undergoes easily basal cleavage causing cracking and curling in the film. 
Fig. 4 SEM (a) and EDAX (b) results of AZ31B magnesium alloy after salt fog test in NaCl solution

Effect of pH Value on Corrosion Rate
Fig . 6 shows the effect of pH on corrosion morphology of the corrosion test specimen sprayed in 4 M concentration of NaCl for 3 hours and air pressure of 139 kPa with different pH values of pH 3, pH 7 and pH 11. It was seen that, at lower concentration, the surface of the specimen was relatively slightly corroded in neutral and alkaline solutions while severely corroded at all pH values at higher chloride ion concentrations. The corrosion of AZ31B alloy was significantly influenced by pH.
The dissolution of magnesium in aqueous solutions proceeded by the reduction of water to produce magnesium hydroxide Mg (OH)2 and hydrogen gas (H2). The reduction process was primarily water reduction. These reactions are reported to be insensitive to oxygen concentration.
Mg
Mg 2+ + 2e - (18) 2H2O + 2e -2OH -+ H2 (19) Mg 2+ + 2OH -Mg (OH)2 (20) Highly acidic solutions are aggressive towards magnesium, hence a very high corrosion rate. In magnesium-aluminum alloys, a pH above 9 favors the formation of Mg (OH)2 (depending on the concentration of the medium). This corrosion behavior is consistent with the current understanding that the corrosion behavior of magnesium alloys was governed by the characteristics of its surface film [27] . The surface film on magnesium alloys in aqueous solutions is thought to be mainly Mg (OH)2. The Eq. 12 describes the surface film formation, this occurs because Mg 2+ has a low solubility. The influence of pH needs to be taken into account the magnesium E-pH diagram (Pourbaix diagram). However, even though the surface film is not thermodynamically stable at low pH values, the dissolution kinetics may be slow and surface film may be formed provided the dissolution kinetics are slower than the formation kinetics [28] .
The microstructure and SEM images of the corroded specimens Figs. 6a and d reveals that at lower pH values, surface of the AZ31B magnesium alloy was completely corroded, corrosion pits almost distributed on the entire surface. Visible corrosion became appreciable as the pH value increased (Figs. 6c and f) . In the solution with pH 3, the bubbles overflowed and broke away from the specimen surface. The metallic luster of the specimen surface was also gradually lost, and corrosion became much more severe than in other specimens. Pits were also observed which were suspected to be the sites with the β phase. Mg17Al2 has a higher standard potential and exhibits a more passive behavior over a wide pH range in chloride solutions than either Al or Mg. Due to selective attack along the β phase networks, they were gradually attacked and peel from the surface forming the pits was expected to take place at these sites. It meant that the pH value was one of the major factors of corrosion rate [29] . Fig. 7 represents the effect of pH value on corrosion rate. From this figure, it can be inferred that as the pH value increases, the corrosion rate decreases [30] . At every chloride ion concentration and spraying time, the specimen usually exhibited a decrease in corrosion rate with increase in pH. The highest corrosion rate was observed at pH 3 and at neutral pH, the corrosion rate was remained constant approximately and comparatively low corrosion rate was observed in alkaline solution. It was seen that the influence of pH was more at higher concentration as compared to lower concentration in neutral and alkaline solutions [31] .
Optical micrographs (Low magnification) SEM micrographs (Higher magnification) 
Effect of Chloride Ion Concentration on Corrosion Rate
Fig . 8 shows the influence of chloride ion concentration on corrosion morphology of the specimen sprayed in NaCl solution of pH 7 for exposure time 3 hours and air pressure 139 kPa with different chloride ion concentration of 2 M, 4 M and 6 M solutions. It was observed that, the surface of the specimens was covered with corrosion products increase in ratio, with the increase of chloride ion concentration. The corrosion rate of the specimens also increased with increasing chloride ion concentrations. The increase in corrosion rate with the increasing chloride ion concentration was attributed to the participation of chloride ions in the dissolution reaction. Chloride ions are very aggressive to magnesium. The adsorption of chloride ions to oxide covered magnesium surface transforms Mg(OH)2 to easily soluble MgCl2 thus destroying the compactness of the corrosion product film and resulting in pitting corrosion [32] . It was considered that the corrosion becomes severe owing to the penetration of hydroxide film by Cl -ion and thereby the formation metal hydroxyl chloride complex which governed the following reaction,
This corrosion behavior was consistent with the current understanding that the corrosion behavior of magnesium alloys was governed by a partially protective surface film with the corrosion reaction occurring predominantly at the breaks or imperfections of the partially protective film. The implication is that the fraction of film free surfaces increases with increasing chloride ion concentration. This is consistent with the known tendency of chloride ions to cause with the film breakdown [33] . (Figs. 8c and f) . Hence, the corrosion rate was increased [34] . Fig. 9 shows the effect of chloride ion concentration on corrosion rate. The graph shows clearly that the corrosion rate was increased with the increase in chloride ion concentration. From the morphological studies, it was observed that, at lower concentration, the surface of the specimen relatively slightly corroded; while severely corrode in the higher concentrations [35] . The corrosion rate decreased with the increase in spraying time. The increase in spraying time enhanced the tendency to form the corrosion products, which accumulated over the surface of the samples. It resulted from the decrease in hydrogen evolution with an increase in spraying time; this is attributed to the corrosion occurring over an increasing fraction of the surface, which is the insoluble corrosion product. The insoluble corrosion product on the surface of the alloy could slow down the corrosion rate [36] .
Initial stages of corrosion for AZ31B magnesium alloy in NaCl solution after salt fog test revealed localized corrosion around MnAl2 inclusions and β-phase interfaces, which form a galvanic couple with the surrounding mg matrix. AZ31B magnesium alloy after salt fog test in the corrosive medium confirmed the formation of thick corrosion layer with an irregular thickness between 200 and 400 µm and mainly constituted by magnesium oxides and/or hydroxides. increase and finally play the role of corrosion barrier. Although, there are some grains of α phase still being corroded, most of the remaining α phase grains are protected under the β phase barrier, so the corrosion rate is decreased with the increase of spraying time [37] .
As shown in the microstructure and SEM images (Figs. 10a and 10d) , at lower spraying times, trench like cavities appeared on the surface of AZ31 specimen. At the higher spraying times, few numbers of corrosion pits were observed on the surface of the material. When the spraying time is more than 3 h, the barrier of the β phase and the adhesion of the corrosion products cause the corrosion weight loss rate to decrease. As a result, the weight loss is greater, and the corrosion weight loss rate is faster. With the prolongation of the spraying time, the corrosion weight loss rate decreases due to the adhesion of the corrosion products to the specimen surface [38] . The film on the specimen surface in the NaCl solution is considerably compacted, which can then effectively prevent further reactions from taking place. Consequently, the growth rate of the film remains slow and forms shallower corrosion dents. It is clear from the Figs. 10c and 10f localized corrosion associated with dense pitted areas showing lot of cracks on the surface of corrosion film for the all specimens tested. Fig. 11 shows the graph represents the effect of spraying time on corrosion rate. From the Fig, 11 , it can be seen that the corrosion rate was decreased with the increase in spraying time. It results that there was an increase in hydrogen evolution with the increasing spraying time, which tends to increase the concentration of OH -ions strengthening the surface from corrosion causing further. Thus the corrosion rate decreased with the increase in spraying time. At low air pressure, more number of pits was formed and pits connected with each other which reflect the propagation/development process of the pitting corrosion. The film formed in the NaCl solution was uneven, including some cracks, which were wide and deep and distributed irregularly. This indicates that localized corrosion had happened [39] . A passive film constituted of magnesium oxide may exist in the corroded region. The protection of this film baffles the process of the pitting corrosion to some extent.
µm
For shorter air pressure the passive film is damaged by attack of chloride ions and the corrosion products are saturated gradually by solution and become expanding. This means the protection of passive film, as well as corrosion products, to magnesium alloy is weakened a lot. Meanwhile, with the dissolution and departure of the products from the base, fresh region of electrode with more vigor is exposed to corrosive medium, which will speed up the pitting corrosion. With the air pressure increasing, there is only one pit on the surface of the electrode, and the pit develops into the base gradually. The electrolyte solutions did not become more susceptible to corrosion. The fast localized corrosion process such as pitting which may correspond to the slow diffusion process of mass or charge around the active corrosion points due to corrosion products. At all concentrations, the materials usually manifested a decrease in corrosion rate with increase in air pressure [40, 41] .
Figs. 12a and 12d reveals the, at lower air pressure the specimen was damaged severely in a localized region and formed bumped corrosion products in it. It is obvious that the stacked corrosion products have high pitting corrosion, and thus provide nearly no protection against further corrosion. However, at higher air pressure the surface did not suffer severe attack and only the sites with severe corrosion as shown in Figs. 12c and 12f.
Fig . 13 presents the influence of air pressure on corrosion rate. From this figure, it can be inferred that the air pressure has an inversely proportional relationship with the corrosion rate. The numbers of pits were more in the specimens when it is sprayed with the solution of low air pressure as can be observed in Fig. 12 . Hence the corrosion rate increases with the decrease in air pressure.
Fig. 13
Effect of air pressure on corrosion rate
Conclusions
 Empirical relationship was developed to predict the corrosion rate of AZ31B magnesium alloy at a 95% confidence level. The relationship was developed by incorporating the effect of pH value, chloride ion concentration, spraying time and air pressure.
 The AZ31B magnesium alloy exhibited an increment in the corrosion resistance with the increase in pH. The corrosion rate was higher at the acidic media than at the alkaline and neutral media with same concentrations and spraying time.
In the salt spray corrosion test, the pH remains constant, as the recycling of the test solution is avoided for further spraying on the test specimens.
 The increase in corrosion rate with increasing chloride ion concentration was attributed to the participation of chloride ions in the dissolution reaction. Chloride ions were very aggressive towards magnesium. The adsorption of chloride ions to oxide covered on magnesium surface transforms Mg(OH)2 to easily soluble MgCl2. There is no variation in the rising rate, because of the formation of magnesium chloride (MgCl2), which is highly soluble. Thus, the corrosion rate increases with the increase in the chloride ion concentration.
 The corrosion rate was decreased with increase in spraying time. The corrosion rate decreased with an increase in spraying time, which implied that the initial corrosion product impeded the passage of corrosion medium and provided protection for metal substrates. The increment in exposure time favors the formation of a protective layer Mg(OH)2, which retards the corrosion.
 With the increase in air pressure, the corrosion rate decreases. The increase in air pressure enhanced the tendency to form the corrosion products, which accumulated over the surface of the samples. These corrosion products which in turn depressed the corrosion rate due to the passivation in the spraying.
